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The taxanes are sn important new 
class of anticancer agents wuh a 
unique mechanism of actional 
Paclitaxel (Taxol). rhe first taxane used 
,n clinical trials, was originally isolated 
m 1971 from the hark uf the Pacitic 
vew. TtLxus brevifolia. It was selected 
for clinical development bated on im- 
pressive antitumor activity against the 
implanted Bi6 melanoma and the hu- 
1 tnan MX-I mammary tumor xcnogra.t. 
Since then, paclitaxel has been 
shown to have a high degree uf antitu- 
mor -activity in women with metastatic 
breasi cancer, as welt as a lack of cross- 
resistance with amhrucyciines. Current 
clinical research with paclua«l m breast 
cancer is focused on several aspects, 
including: optimal dosing and schedul- 
ing; the agent's role in the treatment ot 
early breasi cancer; its use in high-dose 
intensity therapy of breasi cancer; and 
combination therapy of paclitaxel with 
other antineoplastic agents. 

An area of increasing inierest in clin- 
ical research on taxanes i> the possible 
role of oncogenes, such as HER-, in 
determining clinical response to pacli- 
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HER2 Overexpression and 
Paclitaxel Sensitivity in 
Breast Cancer: Therapeutic 
Implications 



ABSTRACT 



Oppression by the HER2 g ene plays a significant ^lejn breast 
cancer pathogenesis, and the phenomenon is commonly redded as a 
Zedi tor of a poor prognosis. HER2 oppression has been linked to 
^ZfanL resisLce to Hormone therapy and che.otherapeunc 
r^e l including CMF (cyclophosphamide. «^« V ^^T 
Jacd) and anihracycUnes. Studio of patten* »Uh advanced disease <*en, 
ZJ<e tha, despite the assocU*** of HER2 ^^^X^ 
p ™v«, the odds of fJEfO-positive patients responding chmcaUy to 
Zones were greater than three times those uf HER2-neganve patients. 

cells thai overerpress HER2. and th< use uf agents that interfere *<thHtR2 
function plus paclitaxel ( Taxol) resulted in significan^ 



tatet. Studies have examined whether 
strategies can be designed to increase 
the agent's efficacy (or curb resistance 
to it) in breast cancers that ovcrexprc- 
scss HER 2. Available data that will be 
presented in this review suggest that 
HER2 overexpression may influence the 
iespon.se to paclitaxel in patients with 
metastatic breast cancer and that arui- 
HF.R2 monoclonal antibodies signifi- 
cantly increase the antitumor activity 
of paclitaxel in vitro and in vivo. 

HfRVr^r bB-2/neu 
in Breast Cancer 



During the last decade, proto-onco- 
genes encoding growth factors and 
growth factor receptors have been found 
to play important rolc.s in the pathogen- 
esis of several human malignances, in- 
cluding nreaM cnnccr.[2] The HER2 gene 
(also known as neu and as r-crbB-2) 
encodes a t»5 KD transmembrane gly- 



coprotein receptor (plS5' ,rRi ) ^ has 
partial homology w-th the epidermal 
prowth factor (F.GF; receptor; the gene 
shares intrinsic tyrosine kinase activity 
with the receptor (3-51 The EOF recep- 
tor and pi S5 Mffl3 belong to a supe.iami- 
'•y of receptors known a% type I tyrosine 
kinase receptors, which have an extra- 
cellular ligand binding domain, a .rans- 
membmne lipophilic segment, and jn 
intracellular protein tyrosine kinase do- 
main with a regulatory carhoxyl termi- 
nal segmen:.[6] 

HER 2 is overexposed m ->/*■ to 
30<& of human breast cnncers|7.Sl and 
indicates a worse prognosis in pane-nt* 
who have positive axillary lymph 
nodes.l6.7.9| The observation thai 
HER2 overexpression is associated w«h 
a poor prognosis could impl> that HEK2 
is solely -marker event. On me other 
hand HER 2 could be a prognostic fac- J 
mr thai plays a role in the pathogcneMS i 
of bicasl cancer 
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Role or Monoclonal Antibodies 

Several linrs of evidence support a 
direct role for HER2 in the pathogenesis 
nnd clinical aggressiveness of overex- 
posing tumors: (1) The introduction of 
HER2 into nonneoplastic cells causes 
their malignant transformation. 1 10, 1 1 J 
(2) Transgenic mice expressing HER2 
develop mammary tumors. (12) (3) 
HER2 overexpression is common in duc- 
tal carcinomas in situ and in their asso- 
ciated invasive cancers.fl 3.I4J (4) The 
mechanisms responsible for this growth 
advantage are thought to be related to 
the fact thai pI85 KE * 2 ovcrcxprcssion re- 
sults in activation of a series of signaling 
pathways (PLC-gnmma/phosphatidyJi- 
nmitol; Pl(3)kinase; STAT91/ISCF-3; 
ras/ra f/M A P- kinase pathway; sre fami- 
ly), and that activation of these path- 
ways results in gene activation that 
ultimately results in cell proliferation.^] 
(5) Antibodies directed against pi 85^^ 
can inhibit the growth of tumors and of 
transformed cells that express high lev- 
els of tiiis rcccptor.[l5-I9) 

The latter observation suggesis that 
plR5 HFJ,: may be a potential target for 
the treatment of breast cancer or prein- 
vasive breast lesions because these cells 
commonly ovcrcxpress HER2. The 
murine monoclonal antibody (MoAb) 
4D5. directed against the extracellular 
.domain of pl8.V* H2 (ECD I,6 "J. is a po- 
tent inhibitor of in vitro growth and. in 
xenograft models, of human breast can- 
cer cells overexposing HER2.|20-22| 
Murine MoAKs, however, are limited 
clinically because they arc immunogen- 
ic. Therefore, to facilitate further clini- 
cal investigations. MoAb 4D5 was 
humanized. The resulting recombinant 
humanized anti-pl 85"°* M oAb (rhu . I 
MoAb HER 2) was found to be safe and i 
to have dosc-dependcnl pharmacukinet 
ics in two pri 0r phase I clinical trials 



j Dose-Response Effects 
; to Anthrucycfines 

The relationship between HCR2 



HER2 Overexpression as a 
Predictor or Response to Taxancs 

Since HER2 plays a role in breast 
cancer pathogenesis and HER 2 overex- 
pression correlates' with more aggres- 
sive clinical behavior, several studies 
a«cnipied to correlate whether 
overexpression is a predictor for 
response to systemic therapy. Studies 
to date have shown that HER2 overex- 
pression predicts a worse response to 
hormonal therapy with tamoxifen nol- 
vadex) in advanced discasc[23 V] and 
tn early-stage breast cancer patient* [2Sj 



| ovcrcxprcssion and response to chemo 
therupy appears to be more complex. 
Data indicate that HER2-positive tu- 
mors have increased resistance to 
adjuvant CMF (cyclophosphamide, 
methotrexate, and fluorouracil)-based 
therapy[26,27] and. conversely, in- 
creased dose-response effects to an an- 
thrdcycline-containing regimcn.[28I 

In Intergroup Study 00ll.[26! pa- 
tients with primary breast cancer tu- 
mors larger than 3 cm or with estrogen 
receptor-negative tumors were random- 
ized to receive either CMF chemother- 
apy or observation. Patients with 
HER2-negative tumors who received 
adjuvant chemotherapy showed signif- 
icantly improved disease- free survival 
when compared with untreated patients. 
In contrast, patients with HER2 -posi- 
tive tumors showed no benefit from 
adjuvant therapy. 

In the International Breast Cancer 
Study Group trial, patients with node- 
positive early breast cancer were ran- 
domised to receive either one cycle of 
perioperative chemotherapy or pro- 
longed adjuvant chemotherapy, defined 
as six cycles of CMF- based chemother- 
apy.^] In this study, the effect of pro- 
longed chemotherapy was greater in 
patients with HER2-negativ e lumors. 

The possible predictive VoJe of HER2 
overexpression has also been analyzed 
in patients with early breast cancer 
treated with anthracyelinc-containing ad- 
juvant therapy. In a wcll-jcjiown ran- 
donuzed study by the Cancer and Ixukernia 
Group B (CAIX)B). three doses (high, 
moderate, and low) of cyclophospluuiaide. 
doxorubicin, and flitorouracil were com- 
pared in women with node-positive breast 
cancer.[28] Patients randomly assigned 
to the high-dose regimen of adjuvant 
chemotherapy h;id significantly longer 
disease-free and overall survival i I their 
tumors overexpressed HHR2. This dosc- 
rcsponsc effect was not observed in pa- 
tients whose tumors had minimal or no 
HER2 expression. 

Thus, findings from the CALGB 
study suggest that there is a significant 
dose -response effect of tdjuvant thera- 
py with an anthracycline-containing 
regimen in patients with HER 2 overex- 
pression but not in patients with no or 
minimal HER2 expression. The group's 
final conclusion was th2t HER 2 over- ! 



j press ion may be a useful marker for 
J identifying patient* who .r c , m , M ( ,^ e . 

ly to benefit from high o-- : S of ;:,!iu. 

vain doxorubicin-based ch. - ^--raj., 

HER2 Overexpression 
and Taxane Sensitivity 

Because taxanes are becoming wide 
ly used in the management of advanced 
breasi cancer, we decided to ai 



,.. unalyzc 

whether there is a relationship between 
HER2 expression and clinical sensitiv- 
ity to ta.xancs. In a study performed at 
Memorial Sloan -Kettering Cancer Cen- 
ter, the possible relationship between 
HER2 ovcrcxprcssion and response to 
taxanes was analyzed in patients with 
metastatic breast cancer.[29] HER2 ex- 
pression was studied in patients treated 
with one of eight protocols of single- 
j agent taxane therapy over the past 5 
j years. All patients had bidimcnsionally 
measurable disease and histologically 
confirmed metastatic breast cancer. 

Archived paraffin -embedded tumor 
tissue was available for immunohis- 
lochemistry in 122 patients out of the 
total of 212 patients treated; of these, 
102 W%) received pacliiaxel and 20 
(16%), docctaxcl (Taxotere). Geographic 
considerations were the most frequent 
obstacle in lack of tissue availability 
for HER2 analysis. 

Tumor expression of HER2 was deter- 
mined by immunohistochemical analysis 
of a set of thin sections prepared from 
patients' par;tffin-archived lumor blocks 
Cas previously described[7.8I). The pri- 
mary detecting antibody used was mu- 
rine MoAb directed at die exuaceliular 
dorruin of plX5 HtH -\ Tumors were consid- 
ered to overexpres-s HER2 it at least 10% 
of the rumor ceH.s exhibited characteristic 
membnuie staining for pl85 H,:1 ' 2 . 

Seven prognostic factors- were as- 
sessed for association with .lumor re- 
sponse- HER2 overexpression, scored 
as positive or negative; estrogen -recep- 
tor status; extent of disease, divided 
into one to two involved organ systems 
vs three or more involved systems: ex- 
tent of prior chemotherapy, categorized 
as one to two courses or more than two 
courses; presence of visceral disease; 
prior therapy with doxorubicin; and 
Kamofsk> peifoimance status, strati- 
fied as 60 to 80 or 90 to 1 00. 

! n -* 7 - 7< ^ °* patients, lumors were 
positive by immunohiscochemistry with 
the 4D5 antibody. The overall response 
to taxancs for all paticnb in this analy- 
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ms was 46.7<&. Remarkably. 65. 2% of 
pattenls wiih HER2-positive tumors 
responded vs 35.5% of patients with 
HER2-negativc tumors. Using a 
Mantel-Haenszel test, the P value for 
this difference was significant at .002. 
Visceral dominance (P = -Oil), low 
performance status {P = .057), and ex- 
tensive prior therapy correlated with 
poor clinical response. Among these. 
HER 2 overexpression was positively 
correlated with low performance status 
{P - .002). and low performance status 
with extensive prior therapy. 

These correlations should bias against 
response in HER2 -positive cases, which 
was ntuooscrved. Indeed, siraiifted anal- 
ysis controlling for confounding vari- 
ables demonstrated the value of HER 2 
status in predicting Ijxane response. The 
odds ratios of response for HER2- posi- 
tive vs HER2 -negative tumors were 3.95 
alter adjusting for visceral disease, 3 17 
afrer adjusting for number of prior ther- 
apies, and 3.06 after adjusting for per- 
formance status. Thus, despite a positive 
correlation of I IER2 ex prcssion and poor 
prognostic features, the odds of HER2- 
posilive patients responding clinically 
to taxanes were greater than ihrcc limes 
those <if HER2-negative patterns. 

Tentative Results 

With Polyclonal Antibody 

Tumor specimens wen: also analyzed 
with a rabbit polyclonal antibody direct- 
ed at the cytoplasmic c-tcrminus epitope 
ofpl85 Hra: .Immunohistochemical eval- 
uation with this antibody resulted in a 
higher proportion of MER2 positively 
(57 1 * ). Patients who were shown to have 
f IER2-p(Ktitve lumens using this anti- 
body were more likely to respond to tax - 
anes, although the difference was not 
statistically significant (P - .3). 

Results with this polyclonal antibody 
have to be viewed with cat H ion because 
51 c /t of the rumors stained positive for 
HER2 overexpression — a higher propor- 
tion than with the MuAb. and higher 
than has been reported previously. Fur- 
ther confirmatory studies arc needed to 
verify our results, which could have sig- 
nificant implications for the treat mem 
of patients with advanced breast cancer, 

Paclitaxel and the Signal 
Transduction Pathway 

The possible mechanisms underly- 
ing the interaction bci ween HER 2 over- 
expression and taxanc sensitivity arc 
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Figure 1: Interaction of Paclitaxel with p185 Htm Signal Transduction Path- 
way — Paclitaxel activates c-raM and MAP kinase in breast cancer cells. 



unknown Paclitaxel stabilizes micro- 
tubules, prevents tubulin de polymeriza- 
tion, and promotes tubulin bundling. In 
addition to this well -documented mech- 
anism of action, some evidence sug- 
gests thai paclitaxel activates key 
elements of the MER2 signal transduc- 
tion pathway (Figure I). [30-32] 

The inilogen-stimulated protein 
serine/threonine kinase c-raf- \ functions 
as a central component of the mitogen- 
activated protein kinase (MAP kinase) 
signal transduction pathway. (331 In 
MCF-7 breast cancer cells, paclitaxel 
treatment leads to activation of c •/■«/* I . 
documented by a reduced c-rqf-\ elec- 
trophorciic mobility after paclitaxel ex- 
posure. (301 Furthermore, paclitaxel 
therapy induces a dose- and time-de- 
pendent accumulation of the cyclin in- 
hibitor of p2 1 WAn , and c-raf- 1 depletion 
prevents this activation. In addition to 
c-raf- 1 activation, tyrosine phosphory- 
lation of MAP kinase is a well-docu- 
mented response to paclitaxel. and it 
probably represents a functionally im- 
portant event by the agent. [30,32) 

The activation of the HER2 signal 
transduction pathway by paclit;i*e:l 
could ulso resul: in activation of pacli- 
taxel-induced apnptn*>i.v[3 1 1 Thus, 
HER 2 ovcrevpression would provide 



an increased opport unity to enhance the 
cytotoxic effects of paclitaxel. 

Combined Therapy With Anti- 
HEH2 A ?ents and Chem otherapy 

As already mentioned, plSS* 00 rep- 
resents a potential target for tumors that 
ovcrex press HER 2. A novel approach 
that is currently being explored is the 
combined use of therapies directed ai 
p I S.S^* 3 , such as MoAhs given alone or in 
combination with conventional chemo- 
(herapemic agents, including paclitaxel. 

Several groups have produced anti- 
bodies directed against the pi 85*^ re- 
ceptor protein on human cells. Some of 
these antibodies can inhibit the growth 
of monolayer cultures of breast and ova- 
nan tumor cells that ovcrcxpress 
pl85 Mt3t vM5-IX.20.34.351 In extensive 
studies conducted at Cenentech. Inc. a 
clear relationship between the level of 
HER2 proto-oncogene expression and 
scnsiti\ily to the growth-inhibitory 
effects of the antibodies was ob- 
served.[20.2 1,341 

Breast carcinoma cells w ich little ex- 
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predion of P I85 H, " ? (eg. MCF7. MDA- 
MB-23 I . ZR-75- 1 , anil MDA-.MU-4.1ftJ 
were not inhibited by MoAhs Cell lines 
with higher levels »f plX5 , " ,, - (MDA- 
MB-175. MDA-MB-453. MDA-MB- 
361) were increasingly more sensitive 
to antibody-mediated growth inhibition. 
SK-BR-3 and BT-474. (he higher ex- 
pressors of pl85' 11 of the cell lines 
studied, were the most sensitive to the 
unli pro life native effects (showing ap- 
proximately 7(r% growth inhibition)- 

The most potent growth inhibitory 
anti-pi 85 lttJ,: MoAb was 4D5. The ac- 
tivity of MoAb 4D5 ^nd a humanized 
version of this Mo Ah against human 
breast adenocarcinoma cells bearing 
HER2A -rrb&-2 has been evaluated in 
the nude mouse xenograft model. Inhi- 
bit iyn of tumor growth has been ob- 
served! 36.37 1 with eradication of 
well-established tumors. [37| Thus. 
MoAb 4D5 appears to have potential 
therapeutic applications for tumors 
ovcrcx pressing p 1 85 ,,; *** . 

A "Humanized" Antibody 

In an attempt ;o circumvent an anti- 
globulin response during therapy, a "hu- 
manized" antibody was constructed by 
Genentech scientists. |38J Denoted 
rhuMoAh HER2, this- antibody con- 
tinued the antigen-binding portions of 
murine MoAb 4D5 (discussed above) 
and a human immunoglobulin variable 
region framework rhuMoAh HER 2 h;ts 
potency comparable to murine 4D5 in 
blocking the proliferation of breast car- 
cinoma cells in vitro. Furthermore, 
rhuMoAb HER2 IgGi is much more 
efficient in supporting antibudy-depen- 
dent cellular cytotoxicity, which could 
increase its antitumor activity. 

Initial phase I .studies were conduct- 
ed, and a phase (I sn;dy has recently 
been completed in patients with meta- 
static breast carcinomas overex pressing 
HF.R2 1391 Forty-six patients were treat- 
ed with a loading dose of 250 mg of TV 
rhuMoAb HER2. then with 10 weekly 
doses of 100 mg e;tch. Patients with no 
progression of disease u\ the completion 
of this treatment period were offered a 
weekly maintenance phase of 100 mg. 

The study patients had extensive 
metastatic disease, and most had re- 
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ceived extensive poor an.'icaiuvr thera- 
py Adequate serum levels of rlui Mo- 
Ab HKK2 were oNained in 90% of the 
patients. The mean scrum half-life of 
rhuMoAb NER2 was H.3 ± 5.0 days. 

Interestingly, fhuMoAb HER 2 scrum 
haJf-lifc was found to be dependent on 
the presence of circulating p\%5 ittSt * re- 
ceptor extracellular domain bCD w K! re- 
leased from the tumor into the serum In 
those patients with circulating levels of 
tumor-shed ECD luy ° in serum that were 
> 500 ng/mL. rhuMoAb HER serum 
half-lives were shorter, and therapeutic 
trough levels of rhuMoAb HER2 were | 
not achieved. A likely explanation for 
these observations is that, in the pres- 
ence of ECD Hnt * in the serum, antigen- 
antibody complexes form and are rapidly 
cleared from the circulation. 

Toxicity was minimal, and no anti- 
bodies against rhuMoAb HER 2 were 
detected in uny patient Objective re- 
sponses were seen in 5 of the 43 e valu- 
able patients: I complete remission and 
4 partial remissions (overall response 
rate. 1 1.6%; 95% CI. 4.36<* to 25.9% » 
Responses were observed in liver, me- 
diastinum, lymph nodes, and chest wall 
lesions. Minor responses, seen in 2 pa- 
tients, and stable disease, occurring in 
14 patients, lasted for a median of 5.1 
months. One patient is still in patholog- 
ically confirmed complete remission 72 
months after starling therapy. 

Thus, rhuMoAb HER2 is clinically ac- 
tive in patients who have metastatic breaM 
cancers thai overexpress HER2 and have 
received extensive prior therapy. A con- 
firmatory study that will include 200 
patients with less heavily prctrcated met- 
astatic disease is currently underway. 

Anti HER MoAb Combined 
With Chemotherapy 

Tn order to enhance the antitumor 
activity of ami- pi SS"*^ MoAb. several 
investigators have used diese antibodies 
in combination with chemotherapcutic 
agents. Hancock et al[401 used the MoAb 
TAB 250. specific to an extracellular 
epitope of the p 1 85 ,tf qJ protein, in com- 
bination with cisplatiu (PlatinolJ against 
human breast carcinoma SKBR-3 cells 
and ovarian carcinoma SK.OV-3 cells. 
They showed that MoAb TAB 250 mark- 
edly enhanced the antitumor effects of 
cisplalin both in vitro and in vivo. 

Using the same antibody. Arteaga has 
shown enhanced etnposide I'VePesidj* 
induced cytotoxicity against human 
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h'CiLst carcinoma cells and postulated 
that pl85"*- K: amtilxxiics may alter (he 
sensitivity uf topoisomerase II toward 
etopo.sidc.f4l J Slarnon. in studies u:. 
MoAb 4D5. has demtmso-atcd that 4D5 
enhances sensitivity to cisplalin in J- 
pkti«- resistant ovarian carcinoma cell line* 
A possible mechanism is 4D5*s interfer- 
ence with the repair of cisplalin induced 
DNA damage, thus promoting cisplalin 
cylotoxicity.[36| 

Paclitaxel/Doxorubicin/ 
rhuMoah HER 2 Regimen 

We have explored the activiiy of 
paclita.xel and doxorubicin, the two che- 
mot h e rape utic agents most active 
against breast cancer, in combination 
with rhuMoAb HER2. Studies of the 
combined thefapy with 4D5 were con- 
ducted ;n monolayer cell culture soft 
agar, as well as with breast cancer hu- 
man tumor xenografts in nude mice. 
For the in vivo studies, 10' BT-474 
cells, which express high levels of 
plK5" Ch -, were grown subcutaneous ly 
to a mean size of 200 mm* over II 
days. Animals were then treated with 
MoAb 4D5 alone at a dose of .3 mgfkg 
intrapeiituneally (IP) twice a week, 
paclitaxel alone at a dose of 20 mg/kg 
IV. or both therapies combined. 

Therapy with MoAb 4D5 alone pro- 
duced a 35^ growth inhibition, and pacli 
taxel alone resulted in a 35% growth 
inhibition wl>en compared with animals 
treated with a control MoAb. The tieat- 
ment widi paclitaxcl plus 4D5 resulted in 
major ajitimrhor activity, with 93% inhibi- 
tion of growth. This result was markedly 
bener than an equt|»»teni dose of doxoru- 
bicin (10 trig/kg IP) and4D5 (70% inhiht- 
tioiO- In addition, paclitaxel combined 
with 4D5 resulted in die disappearance of 
we 11 -established xenografts. [37 1 

Cisplatin/rhuMoAb HER 2 Therapy 
In parallel with the phase II clinical 
trial described above, which used rhu- 
MoAb HtR2 alone, a phase 1! study of 
rhuMoAh IIER2 in combination with 
cispliuin has been conducted in patients 
with breast carcinomas that o verexprcss 
p!85 HtJ *" anc ^ a history of proven refrac- 
toriness to chemotherapy. [42] Thirty- 
six patients *xre treated with an IV 
loading do>e of 250 mg of rhuMoAb 
HFK2 on day 0. followed by weekly 
administration of (00 mg of MoAb in 
combine*' 00 wilh cisplalin. 75 mg/n»\ 
on day I evc| y 3 weeks thereafter [ 
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In this group of patients with ex- 
pected cisplatin resistance, the observed 
response rate to the combined therapy 
was 25%. suggesting that the synergy 
observed in ihe laboratory was repro- 
ducible in the clinic. In addition, the 
combined therapy was no more toxic* 
than cisplatin alone 

Phase III Study of rhuMoAB 
HER2 Combined With Chcmo 

Results from the phase II studies and 
the activity of rhuMoAh HER.? against 
xenografts when given in combination 
■ with doxorubicin and paclitaxel have 
been encouraging. These positive results 
have led to the design ol u phase III 
multinational study ol" chemotherapy in 
combination wiih rhuMoAh HER2 in 
patients with HFR2 o\ ere x pressing breast 
tumots who have not received prior che- 
motherapy for metastatic disease (Figure 
2). In addition to proven HGR2 ovcrex- 
prcssion by immunohistfehemistry, eligi- 
ble patients must have measurable disease 
and must not have received pnor chemo- 
therapy lor metastatic disease 

In this ongoing .study, patients aie 
randomized to one of two treatment 
amis, the active arm, which consists of 
rhuMoAb HER2 in combination with 
cytotoxic chemotherapy: or ihe coutiol 
| arm. which consul* of cyiotoxjc chemo- 

I therapy alone. Patients who are random- 
i?eJ tn (J»e rhuMoAh HfcR? ;urn receive 
i week ly ad m i ni miration of the antibody ai a 
( dose similar lo the phase II studies After 
the completion of cytotoxic chemothera- 
py, patients assigned to the HER2 arm 
continue with weekh ihuMoAb HER'2 
administration until disease progression. 
Patients in the corn nil arm are given the 
option of receiving rhuMoAb HER 2 
when disease progression occurs 

Patients receive one ot two chemo- 
tiierapy regimens for a minimum of six 
cycles: cyclophosphamide and doxoru- 
bicin or epinibicin. if patients have not 
received anthracyclinc therapy in the 
adjuvant setting: or paclitaxel. if patients 
have received anthracycline therapy in 
rhe adjuvant Setting. Because anthracy- 
clines are widely used in the adjuvant 
setting, it is likely that a significant num- 
ber of patients wilt be treated with pacli- 
taxel & ihuMoAb HER2. The main goal 
of this study is to determine whether the 
addition of this ami-HER2 antibody in- 
creases the iin> c tt> disease progression 
compared with the group of patients 
treated with antibody alone. 



Randomization 



AC / Paclitaxel 




Endpoint 



AC /Paclitaxel 
rhuMAb HER2 



Time to Disease Progression 



rhuMAb HER2 upon Disease Progression 



Figure 2: Treatment Schema of the Phase III Randomized Multlcenter Study- 
Treatment consists of chemotherapy + rhuMoAb HER2 m patients with metastatic 
breast tumors that overexpress HER2. Patients are randomized to the active arm, 
which consists of rhuMoAb HER2 in combination > with cytotoxic chemotherapy (either 
Adriamycin and cyclophosphamide [AC] or paclitaxel). or the control arm, which 
consists of cytotoxic chemotherapy alone (either AC or paclitaxel). rhuMoAb HER2 
is given weekly until disease progression cccurs. Patients in the control arm are given 
;he option of receiving rhuMoAb HER? when disease progression occurs. The study 
end point is time to disease progression. 



Future Directions 

An alternative approach to interfer- 
ing with the function of type f tyrosine 
kina.se receptor* , including pl85 ,,r " 2 . is 
direct inhibition of the receptor protein 
tyrosine kinase. These en7ymes cata- 
lyze the transfer of the terminal phos- 
phate from adenosine triphosphate 
(ATP) to the phenolic group of tyrosine 
in substrate proteins Erbstatin. synthet- 
ic compounds known as ty rphosiins, and 
the 2 thio- indoles inhibit the tyrosine 
kinase activity of the type I receptors by 
competing with ATP.J43-45] Once die ac- 
tivity of these agents has been defined, a 
logicaJ next step would be to combine 
them with paclitaxel in vitro and in vivo. 

To explore the potential anticancer 
effects of these compounds, we have 
studied the 2-thio-indolc. PDI 53035. a 
reversible inhibitor of the EOF receptor I 
tyrosine kinase and, to a lesser degree, ' 
of the pl85 HCT? receptor.1461 PDI 5035 | 
completely inhibited phosphorylation of 
the EGF receptor and p I SS"^ tyrosine 
kinase and prevented anchorage- 
dependent and -independent growth. In 
addition, a close correlation was ob- 
served between higher receptor num- 
ber and greater growth inhibition. 1 
h is likely thai these agents may be J 



able to increase the antitumor activity 
of paclitaxel in a similar fashion to that 
observed w'uh anri-HER2 antibodies. 
Support for this concept is provided by 
M-C Hung and colleagues in their stud- 
ies with emodin, a protein tyrosine ki- 
nase inhibitor that inhibits plH.V [Cai 
tyrosine kinase activity. 1 47 J In nnn- 
small-ccll lung cancer cells that over- 
express HER 2, they observed a marked 
synergism of cmodin given in combi- 
nation with chemotherapy. 

Ovcrexprcssion of p 1 85 MFW? results 
in activation of a scries of signaling 
pathways, including the ras/raf/MAP- 
kinase pathway. Pcptidomimctic inhib- 
itors of farncsyl:protcin transferase that 
selectively block furncsylatiun of cel- 
lular protein*, including p2 Iras, inhibit 
ligand-inriuccd stimulation of MAP-ki- 
nase in breast cancer ceils and aiso 
have the potential for combination with 
paclitaxel in preclinical models. 

Conclusions 

The predictive value of lit R2 overex- 
press ion for paclitaxel response requires 
independent confirmation in advanced ! 
disease and earl y breast cancer. This ques- 
tion could he addressed in ongoing stud- 
ies of pac!ilaxcl-ba>cd adjuvant therapy 
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t in hreasi cancer. la preclinical models, the 
combined Lherapy cf brensi cancer cells 
that overex press. HER 2 wiih agents that 
interfere with HER2 functtun and pacli- 
taxel results in a marked antiturnoreffcci. 
One such Mratcgy, the combination of 
anti-HHR2 MoAb with paclitaxel, is cur- 
rently being evaluated, if the results of 
these studies are positive, we might be 
faced with o novel paradox, in which ex- 
pression of a recep{or that confers a worse 
prognosis provides us with an opportuni- 
ty for increased response to taxajies. 
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